(19) 



J 



Europdisches Patentamt 
European Patent Office 
Office europgen des brevets 



liiuiiiii 



(11) 



EP 0 890 623 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 


(51) Int. CL 6 : C09D 183/04 


13.01.1999 Bulletin 1999/02 


(21) Application number: 97907422.6 


(86) International application number: 


PCT/JP97/00943 


100\ nata nf filin/v 91 fll 1QQ7 
) L/dit? oi Tinny . £ i .uo. i 


(87) International publication number: 




WO 97/35939 (02.10.1997 Gazette 1 997/42) 


(84) Designated Contracting States: 


• NAKAoHIMA, AKlra 


■\r* An frit 

DE FR GB NL 


Catalysts & Chemicals Ind. Co Ltd 




Kitakyushu-shi Fukuoka 808 (JP) 


CV)\ Prinritv 25 0^ 1QQ6 JP Q47R4/Q6 


• iSVJMAloU, MICIIIO, 


24.10.1996 JP 299684/96 


Catalysts & Chemicals Ind. Co Ltd 


(71) Applicant: 


Kitakyushu-shi Fukuoka 808 (JP) 


Catalysts & Chemicals Industries Co., Ltd. 


(74) Representative: 


Kawasaki-shi, Kanagawa 210 (JP) 


Calamlta, Roberto et al 


(72) Inventors: 


Frank B. Dehn & Co., 


European Patent Attorneys, 


• EGAMI, Miki, 


179 Queen Victoria Street 


Catalysts & Chemicals Indust Co. Ltd 


London EC4V4EL(GB) 


Kitakyushu-shi Fukuoka 808 (JP) 



CO 
CM 
CO 

o 
o> 

GO 



Q. 
LU 



(54) COATING FLUID FOR LOW-PERMITTIVITY SIUCA COATING AND SUBSTRATE PROVIDED 
WITH LOW-PERMITTIVITY COATING 

(57) A coating liquid for forming a low-permittivity 
silica film, which is capable of forming an insulating film 
that has a relative permittivity as low as up to 3 and is 
excellent in adherence to a substrate surface, mechani- 
cal properties, chemical resistance such as alkali resist- 
ance and also crack resistance, and which is capable of 
smoothing the irregularities of a substrate surface to a 
satisfactorily high degree, is provided. Further, a sub- 
strate comprising this low-permittivity silica coating film 
is provided. 

The coating liquid for forming a low-permittivity sil- 
ica film comprises a reaction product of fine silica parti- 
cles with an alkoxysilane represented by the following 
general formula and/or a halogenated silane repre- 
sented by the following general formula or a hydrolyzate 
thereof: 

XnSi(OR)* n 
X n SiX'4. n 

wherein X represents hydrogen, fluorine, an alkyl 
group having 1 to 8 carbon atoms, an aryl group or a 
vinyl group; R represents hydrogen, an alkyl group hav- 
ing 1 to 8 carbon atoms, an aryl group or a vinyl group; 
X* represents a halogen atom; and n is an integer of 0 to 
3. 
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Description 

. TECHNICAL FIELD 

5 The present invention relates to a coating liquid for forming a low-permittivity silica film, which is capable of forming 
an insulating film that has a low relative permittivity and is excellent in adherence to a substrate surface, mechanical 
properties, chemical resistance such as alkali resistance and also crack resistance, and which is capable of smoothing 
the irregularities of a substrate surface to a satisfactorily high degree. Further, the present invention relates to a sub- 
strate comprising this low-permittivity silica coating film. 

10 

BACKGROUND ART 

Interlayer insulating films are disposed between a semiconductor substrate and a metal wiring layer such as an alu- 
minum wiring layer and between metal wiring layers in order to effect an insulation therebetween in a semiconductor 
15 device having multilayer wiring in accordance with an enhanced integration of semiconductor device. 

When, for example, a metal wiring layer is disposed on a semiconductor substrate, irregularities occur on the sem- 
iconductor substrate by the metal wiring layer. Further disposing a metal wiring layer or the like on the surface with the 
irregularities may cause wire breakage attributed to level differences of the irregularities. When the level differences of 
the irregularities are greater than the range of exposure focal depth of resist for forming fine patterns, fine patterns can- 
20 not be obtained. Therefore, it is requisite that surfaces having irregularities attributed to the above interlayer insulating 
films disposed between a semiconductor substrate and a metal wiring layer and between metal wiring layers and attrib- 
uted to various elements be smoothed to a satisfactorily high degree. 

With respect to the structure having the above multilayer wiring, in a semiconductor device of 0.3 \i rule or less, the 
metal wiring spacing is so small that the metal wiring impedance due to electrostatic induction is increased, resulting in 
25 a possible delay of response speed and an increase of electric consumption. Therefore, it is requisite that the relative 
permittivity of the interlayer insulating films disposed between a semiconductor substrate and a metal wiring layer such 
as an aluminum wiring layer or between metal wiring layers be minimized as much as possible. 

The interlayer insulating film used for the above purposes is generally formed on a substrate by the vapor phase 
growing method such as the plasma CVD method or sputtering method, or the coating method in which an insulating 
30 film is formed with the use of a coating liquid for film formation. 

However, in the vapor phase growing method such as the plasma CVD method, it is believed that the limit of the 
relative permittivity of obtained coating film is 3.5 attained by the fluoride doped silica film, and forming a coating film 
having a relative permittivity of up to 3 is difficult. Although the relative permittivity of the coating film formed with the 
use of a coating liquid comprising a fluoride doped polyimide resin or a f luororesin is about 2, the coating film has draw- 
35 backs in that, for example, the adherences to a substrate surface and to resist material used in fine working are poor 
and the resistances to chemical and to oxygen plasma are poor. 

The conventional coating liquid for forming silica film, comprising a partial hydrolyzate of alkoxysilane, enables 
obtaining a coating film with a relative permittivity of 2.5 but has a drawback in that the adherence to a substrate surface 
is poor. 

40 The present invention has been made with a view toward solving the above drawbacks of the prior art. It is a pri- 
mary object of the present invention to provide a coating liquid for forming a low-permittivity silica film, which is capable 
of forming an insulating film that has a relative permittivity as low as up to 3 and is excellent in adherence to a substrate 
surface, mechanical properties, chemical resistance such as alkali resistance and also crack resistance and which is 
capable of smoothing the irregularities of a substrate surface to a satisfactorily high degree. It is also an object of the 

45 present invention to provide a substrate comprising this low-permittivity silica coating film. 

DISCLOSURE OF THE INVENTION 

The coating liquid for forming a low-permittivity silica film according to the present invention comprises a reaction 
so product of fine silica particles with an alkoxysilane represented by the following general formula [I] and/or a halogenated 
siiane represented by the following general formula [II] or a hydrolyzate thereof: 

XnSi(OR)4. n [I] 

55 X.SiXVn [II] 

wherein X represents hydrogen, fluorine, an alkyl group having 1 to 8 carbon atoms, an aryl group or a vinyl 
group; R represents hydrogen, an alkyl group having 1 to 8 carbon atoms, an aryl group or a vinyl group; X' represents 
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a halogen atom; and n is an integer of 0 to 3. 

The above fine silica particles are preferably obtained by hydrolyzing at least one member of alkoxysilanes repre- 
sented by the above general formula [I], optionally followed by aging. 

Further, the coating liquid for forming a low-permittivity silica film aocording to the present invention has an ion con- 
centration of less than 1 mmol/Iit. 

Also, the substrate having a silica coating film according to the present invention comprises a low-permittivity silica 
coating film formed with the use of the above coating liquid. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The coating liquid for forming a low-permittivity silica film will be described in detail below. 

Coating liquid for forming low-permittivity silica film 

The coating liquid for forming a low-permittivity silica film according to the present invention comprises a reaction 
product of fine silica particles with an alkoxysilane represented by the following general formula [f] and/or a halogenated 
silane represented by the following general formula [II] or a hydrolyzate thereof: 

X n Si(OR)* n [I] 

XnSiXVn [II] 

wherein X represents hydrogen, fluorine, an alkyl group having 1 to 8 carbon atoms, an aryl group or a vinyl 
group; R represents hydrogen, an alkyl group having 1 to 8 carbon atoms, an aryl group or a vinyl group; X' represents 
a halogen atom; and n is an integer of 0 to 3. 

Examples of the alkoxysilanes represented by the above formula X^KOR)^ include tetramethoxysilane, tetrae- 
thoxysilane, tetraisopropoxysilane, tetrabutoxysilane, tetraoctylsilane, methyltrimethoxysilane, methyltriethoxysilane, 
methyltriisopropoxysilane, ethyltrimethoxysilane, ethyrtriethoxysilane, ethyltriisopropoxysilane, octyltrimethoxysilane, 
octyltriethoxysilane, vinyltrimethoxysilane, vinyltriethoxysilane, phenyltrimethoxysilane, phenyrtriethoxysilane, trimeth- 
oxysilane, triethoxysilane, triisopropoxysilane, fluorotrimethoxysilane, fluorotriethoxysilane, dimethyldimethoxysilane, 
dimethyldiethoxysilane, diethyldimethoxysilane, diethyldiethoxysilane, dimethoxysilane, diethoxysilane, drfluorodimeth- 
oxysilane, drfluorodiethoxysilane, trrf luoromethyltrimethoxysilane and trrfluoromethyrtriethoxysilane. 

Examples of the halogenated silanes represented by the above formula XpSiXVn include trichlorosilane, tribromo- 
silane, f luorotrichlorosilane, methyltribromosilane, ethyltrichlorosilane, vinyltrichlorosilane and phenyltrichlorosilane. 

The above coating liquid for forming a low-permittivity silica film can be prepared by, for example, the following proc- 
ess. 

First, the fine silica particles can be obtained by subjecting at least one alkoxysilane represented by the above gen- 
eral formula [I] to hydrolysis/polycondensation in the presence of water, an organic solvent and a catalyst. The prepa- 
ration of the fine silica particles can be performed by the customary process. 

Examples of the organic solvents include alcohols, ketones, ethers and esters. Specific examples thereof include 
alcohols such as methanol, ethanol, propanol and butanol; ketones such as methyl ethyl ketone and methyl isobutyl 
ketone; glycol ethers such as methyl cellosolve, ethyl cellosolve and propylene glycol monopropyl ether; glycols such 
as ethylene glycol, propylene glycol and hexylene glycol; and esters such as methyl acetate, ethyl acetate, methyl lac- 
tate and ethyl lactate. 

A basic compound such as ammonia, an amine, an alkali metal compound, a quaternary ammonium compound or 
an amine coupling agent can be used as the catalyst. 

The process for preparing the fine silica particles will now be described in greater detail. For example, a water/alco- 
hol mixed solvent is agitated, and an alkoxysilane and a basic compound catalyst such as aqueous ammonia are added 
to the obtained mixed solvent and reacted. 

In this process, water is used in an amount of 0.5 to 50 mol, preferably, 1 to 25 mol per mol of the Si-OR group being 
a constituent of the alkoxysilane. Ammonia is mixed in an amount of. for example, 0.01 to 1 mol/mol of Si0 2 , preferably, 
0.05 to 0.8 mol/mol of Si0 2 . 

The alkoxysilane is hydrolyzed at temperatures which are not higher than the boiling point of the solvent, and pref- 
erably at temperatures which are 5 to 10°C lower than the boiling point of the solvent. When hydrolysis is conducted 
under these conditions, polycondensation of the alkoxysilane is developed three-dimensionally. so that fine silica parti- 
cles are formed and grow. Further, aging can be conducted thereafter at the same temperature or higher temperatures. 
The higher the above hydrolyzing temperature and/or aging temperature, the greater the polycondensation of alkoxysi- 
lane is promoted and the denser the internal texture of the fine silica particles. In the present invention, when the above 
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hydrolyzing temperature and/or aging temperature is set at 180°C or higher, preferably, 200°C or higher and the oper- 
ation of hydrolyzing and/or aging is conducted in a pressure vessel such as an autoclave, the fine silica particles 
become more denser, and not only the hygroscopicity of the particles per se is lowered but also the amount of residual 
functional groups on the particle surface is reduced. Thus, the obtained coating film is one whose relative permittivity 

s does not change with the passage of time and which has excellent heat resistance. 

Also, the formation and growth of fine silica particles may be performed by, for example, adding a solvent of high 
boiling point such as ethylene glycol to a water/alcohol mixed solvent under agitation and hydrolyzing an alkoxysilane. 
The addition of the above high boiling point solvent prior to the hydrolysis of alkoxysilane induces an ester exchange 
reaction of alkoxy group, so that the high boiling point solvent is trapped inside the fine silica particles. As a result, 

10 porous fine silica particles with a low density can be obtained. 

Silica sol obtained by subjecting an alkali metal silicate or the like to a step of an ion exchange, a hydrolysis, etc. 
can also be used as the fine silica particles. Further, use can be made of fine particles of porous zeolite such as those 
obtained by removing aluminum from zeolite composed of an aluminosilicate. 

The particle size of the fine silica particles for use in the present invention is preferably in the range of 30 to 1000 

75 A, still preferably, in the range of 50 to 500 A. As long as the fine particles have a particle size within the above range, 
use may be made of a mixture of at least two types of fine particles whose particle sizes are different from each other 
as well as fine particles with uniform particle size. When the particle size is less than 30 A, it would be difficult to reduce 
the permittivity of obtained coating film. On the other hand, when the particle size exceeds 1000 A, defects are likely to 
occur during fine working in the step of photolithography. 

20 The coating liquid for forming a low-permittivity silica film according to the present invention is obtained by reacting 
the thus obtained fine silica particles with the above alkoxysilane represented by the general formula [I], halogenated 
silane represented by the general formula [II] or at least part of a hydrolyzate thereof. In this reaction, use can be made 
of a mixture of the alkoxysilane and the halogenated silane. The alkoxysilane subjected to reaction with the fine silica 
particles may be the same as or different from that employed in the preparation of fine silica particles. In this reaction, 

25 neither growth of fine silica particles nor formation of new fine silica particles occurs and a surface reaction of the fine 
silica particles with the alkoxysilane, halogenated silane or hydrolyzate thereof occurs on the surface of the fine silica 
particles. As a result, the coating liquid capable of providing a low-permittivity silica film exhibiting excellent perform- 
ance can be obtained. 

Although the fine silica particles as prepared may be directly subjected to the reaction, it is preferred that, prior to 
30 the reaction, the water/organic solvent as the dispersion medium of the fine silica particles be replaced by an organic 
solvent alone by means such as ultrafiltration. 

Those employed in the above hydrolysis of the alkoxysilane can be mentioned as the organic solvent 

Although the alkoxysilane or halogenated silane reacted with the fine silica particles in the preparation of the above 
coating liquid may be used without being hydrolyzed in advance, it is preferred that the alkoxysilane or halogenated 
35 silane be hydrolyzed in advance by the customary procedure and used in the reaction with the fine particles of silica in 
the form of a hydrolyzate polymer obtained by the hydrolysis. When this hydrolysis is conducted, aggregation of fine sil- 
ica particles and gelation thereof are suppressed and it is highly probable to obtain a stable coating liquid. 

When this hydrolysis of the alkoxysilane or halogenated silane is carried out, generally, use is made of water, an 
organic solvent and a catalyst. The organic solvent is, for example, selected from among those set forth hereinbefore. 
40 The catalyst is, for example, selected from among those set forth hereinbefore plus acid catalysts. Examples of the acid 
catalysts include inorganic acids such as hydrochloric acid, nitric acid and sulfuric acid, organic acids such as acetic 
acid, oxalic acid and toluenesulfonic acid, and compounds exhibiting an acidity in an aqueous solution, e.g., metallic 
soap. Of the catalysts, acid catalysts are preferred. 

Water is generally used in an amount of 0.1 to 5 mol, preferably, 0.1 to 2 mol per mol of the Si-OR group being a 
45 constituent of the alkoxysilane or the SiOC group being a constituent of the halogenated silane. The catalyst is generally 
added in an amount of 0.001 to 1 mol per mol of the alkoxysilane or halogenated silane. 

The number average molecular weight of the hydrolyzate obtained by the hydrolysis conducted under the above 
conditions preferably ranges from 100 to 50,000, still preferably, from 500 to 10,000 (molecular weight in terms of poly- 
styrene). 

so The coating liquid for forming a low-permittivity silica film according to the present invention is obtained by mixing 
the above obtained fine silica particles with the alkoxysilane, halogenated silane or hydrolyzate thereof and reacting 
them. Their mixing ratio is such that the above hydrolyzate is present in an amount sufficient to allow at least part of the 
silica particle surface to couple with the hydrolyzate. 

In the present invention, each of the alkoxysilane and halogenated silane hydrolyzates is preferably mixed with the 
55 fine silica particles in an amount of at least 0.01 part by weight, still preferably, at least 0.02 part by weight in terms of 
Si0 2 per part by weight of fine silica particles. 

When the amount of alkoxysilane or halogenated silane hydrolyzate is less than 0.01 part by weight, the obtained 
silica coating film becomes a porous body containing plenty of intergranular voids of fine silica particles. Although its 
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permittivity lowering is promising, the silica coating film is inferior in adherence to a substrate surface, mechanical prop- 
erties, chemical resistance such as alkali resistance and crack resistance, and a substrate surface flattening capability 
of the silica coating film tends to deteriorate. Moreover, the above alkoxysilane and halogenated silane hydrolyzates 
can function as a binder for coating film formation, so that unreacted hydrolyzates may be present in the coating liquid. 

5 However, when the amount of these is too large, the intergranular voids of fine silica particles in the obtained coating 
film are filled by the hydrolyzates with the result that the lowering of the permittivity of the coating film cannot be 
expected. Therefore, it is preferred that the amount of the above hydrolyzate be less than 1 0 parts by weight, especially, 
less than 1 part by weight per part by weight of fine particles of silica. 

After the above mixing of the fine silica particles with the alkoxysilane or halogenated silane hydrolyzate, the mix- 

io ture is heated at about 1 00°C or below, preferably, 80°C or below. The heating is generally conducted for a period of 0.5 
to 5 hr, preferably, 0.5 to 3 hr depending on the temperature and other conditions. 

This heating treatment enables obtaining the coating liquid for forming a low-permittivity silica film according to the 
present invention, in which at least part of the silica particle surface is bound with the alkoxysilane or halogenated silane 
hydrolyzate. 

15 Silica coating film prepared from the above coating liquid has excellent properties. For example, no peak ascribed 
to an OH group is observed on an FT-IR spectrum of a coating film obtained by sintering the thus obtained silica coating 
film at 450°C in nitrogen even after it has been allowed to stand still at ordinary temperature for one week. Thus, re- 
adsorption of moisture which is a serious factor for increasing permittivity is not recognized. 

Furthermore, the alkoxysilane or halogenated silane hydrolyzate may be added to the coating liquid having been 

20 prepared by the above process. In that instance as well, it is preferred that the amount of hydrolyzate fall within the 
range as mentioned hereinbefore. 

The ion concentration of the coating liquid for forming a low-permittivity silica film according to the present invention 
is preferably less than 1 .0 mmol/lit, still preferably, not greater than 0.5 mmol/lrt. When the ion concentration exceeds 
1.0 mmol/lit., the surface reactivity of the fine silica particles is influenced by ions, thereby rendering the surface treat- 

25 ment of fine silica particles unsatisfactory. Thus, the flattening of a substrate surface may be deteriorated, and re- 
adsorption of water onto the coating film is likely to occur. 

Not only are the above problems solved but also the coating film having substantially no voids and pinholes and 
with improved adherence to a substrate surface, mechanical strength, chemical resistance, moisture resistance and 
insulating properties can be obtained by lowering the ion concentration of the coating liquid. 

30 The terminology "ion concentration" as used herein means the total concentration of cations and anions which are 
present in the coating liquid. The ion concentration is measured by the following method. That is, metal ions of the cat- 
ions are measured by the atomic absorption method, and ammonium ions and anions are measured by the ion chro- 
matography method. 

The coating liquid with the above low ion concentration can be produced by performing treatment with the use of a 
35 cation exchange resin or an anion exchange resin at any of the steps of the coating liquid producing process. For exam- 
ple, use is made of the method in which a dispersion of fine silica particles is first deionized and then mixed with the 
alkoxysilane or halogenated silane hydrolyzate or the method in which their mixing is first conducted and then a deion- 
ization follows. 

The above deionization treatment may be performed either by separately conducting treatment through a cation 
40 exchange resin and treatment through an anion exchange resin or by treating with the use of a mixture of both resins. 

Substrate with low-oermittivitv silica coating film 

The coated substrate of the present invention is obtained by applying the thus obtained coating liquid for forming a 
45 tow-permittivity silica film to a surface of each of various substrates, followed by heating. 

This application method can be conducted by the use of common coating technique such as the spray method, spin 
coat method, dipping method, roll coater method or transfer method. The heating after the application is generally con- 
ducted at 300 to 450°C. preferably, 350 to 400°C This heating is preferably conducted in an atmosphere of inert gas 
such as nitrogen. As a result, a coating film with a lower relative permittivity can be obtained. 
50 When, as mentioned above, the heating is conducted after the application of the coating liquid to the substrate and 
the drying, the polymerization of the film forming component of the coating liquid is advanced so that the film forming 
component is cured. During the heating, the melt viscosity of the polymer is lowered to thereby increase the ref lowability 
of the coating film with the result that the flatness of the obtained coating film is increased. When the coating film is 
formed from the coating liquid for forming silica film according to the present invention, the heating lowers the melt vis- 
55 cosity of the polymer so that the reflowability owing to low melt viscosity is maintained to a temperature of about 400°C. 
Therefore, the coating film having enhanced flatness can be obtained. 

Although the thickness of the thus formed low-permittivity silica coating film is varied depending on the substrate 
on which the coating film is formed, the purpose thereof, etc., for example, a coating film disposed on a silicon substrate 
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of a semiconductor device generally has a thickness of about 1000 to 2500 A and an insulating film disposed between 
multiple wiring layers generally has a thickness of about 3000 to 5000 A. 

The substrate with a low-permittivity silica coating film according to the present invention may be applied in, for 
example, a semiconductor device, a liquid crystal display or a photomask with phase shifter. In particular, with respect 
s to the semiconductor device, the above low-permittivity coating film is formed, for example, on a silicon substrate, 
between wiring layers of a multilayer wiring structure, on an element surface or on a part of PN junction. 

EFFEQT QF THE INVENTION 

10 The coating liquid according to the present invention is capable of forming on a substrate the silica film that has a 
relative permittivity as low as up to 3 and that is excellent in the adherence to the substrate surface, mechanical prop- 
erties, chemical resistance and crack resistance, and is further capable of smoothing the irregularities of the substrate 
surface to a satisfactorily high degree. 

That is, when the silica coating film is formed from the coating liquid according to the present invention, the coating 
75 film is rendered to be porous by intergranular voids between fine silica particles contained as a film forming component 
with the result that the obtained coating film has a permittivity lower than that of conventional SOG film. Moreover, the 
alkoxysilane or halogenated silane hydrolyzate bound with the surface of the fine particles has an effect of preventing 
re-adsorption of water onto the above intergranular voids and, further, the hygroscopicity of the fine particles per se is 
reduced by high-temperature aging of the fine silica particles, so that the obtained coating film exhibits a stable low rel- 
20 ative permittivity which does not change irrespective of the passage of time. Furthermore, residual organic groups on 
the surface of the fine silica particles are so few that the coating film has excellent heat resistance. Still further, the 
adherence thereof to a substrate surface is enhanced by the anchor effect of the fine silica particles. 

The substrate with a low-permittivity silica coating film according to the present invention has the coating film 
whose relative permittivity is as low as up to 3 and which is excellent in the adherence to its surface, mechanical prop- 
25 erties, chemical resistance, crack resistance and heat resistance, and further the irregularities of its surface is 
smoothed to a satisfactorily high degree. Further, this substrate has the coating film which is stable with an excellent 
relative permittivity scarcely changing over a long period of time. 

The present invention will now be illustrated with reference to the following Examples, which in no way limit the 
scope of the invention. 

30 

Examples 1 to 3 

1 . Preparation of fine silica particles 

35 A solution consisting of a mixture of 1 39. 1 g of pure water and 1 69.9 g of methanol was maintained at 60°C. 2982.5 
g of a water/methanol solution of tetraethoxysilane (ethyl silicate 28 produced by Tama Kagaku Kbgyo, 532.5 g of tetra- 
ethoxysilane added to 2450 g of a 2:8 weight ratio mixture of water and methanol) and 596.4 g of 0.25% aqueous 
ammonia were simultaneously added thereto over a period of 52 hr. After the completion of the addition, the mixture 
was aged at the above temperature for 3 hr. Thereafter, unreacted tetraethoxysilane, methanol and ammonia were 

40 removed by the ultrafiltration method, followed by treatment with amphoteric ion exchange resin (AG-501 produced by 
Bio- Rad) so that the impurity ion concentration became 0.5 mmol/lit. Thus, a dispersion of fine silica particles (A) having 
an average particle size of 300 A was obtained. 

The above dispersion (A) was aged at 300°C for 3 hr by means of an autoclave. Thus, a dispersion of fine silica 
particles (B) having an average particle size of 250 A was obtained. 

45 Dispersion of fine silica particles was prepared under the same conditions as in the above preparation of the dis- 
persion of fine silica particles (A), except that use was made of a solution consisting of a mixture of 139.1 g of pure 
water, 140 g of methanol and 29.9 g of ethylene glycol. The resultant dispersion was aged at 300°C for 3 hr by means 
of an autoclave. Thus, a dispersion of fine particles of porous silica (C) having an impurity ion concentration of 0.4 
mmol/lit and an average particle size of 250 A was obtained. 

so With respect to the ion concentration, the metal ion concentration was measured by the atomic absorption method, 
and the ammonium and anion concentrations were measured by the ion chromatography method. 

2. Preparation of alkoxvsilane and halooenated silane hvdrolvzates 

55 250 g of triethoxysilane was mixed with 750 g of methyl isobutyl ketone, and 1000 g of a 0.01% by weight hydro- 
chloric acid acqueous solution was added thereto. A reaction was carried out at 50°C for 1 hr under agitation. The reac- 
tion mixture was allowed to stand still, and an upper layer of methyl isobutyl ketone solution was fractionated. Thus, 
hydrolyzate (A) was obtained. 
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Hydrosilsesquioxane (HSQ, produced by Dow Corning) being a hydrolyzate of trichlorosilane was dissolved in 
methyl isobuty! ketone so that the silica concentration became 10% by weight. Thus, hydrolyzate (B) was obtained. 

3. Preparation of coating liquid for film formation 

5 

Water and alcohol were distilled off from the above obtained dispersion of fine silica particles by means of a rotary 
evaporator, and methyl isobutyl ketone was introduced to thereby effect a solvent replacement. The resultant dispersion 
and the above obtained alkoxysilane and halogenated silane hydrolyzates were mixed together in given proportion and 
heated at 50°C for 1 hr. Thereafter, a second solvent replacement with methyl isobutyl ketone was carried out by means 
w of the rotary evaporator. Alcohol and water formed by the heating treatment were completely removed, thereby obtain- 
ing film forming coating liquids C-1 to C-8 listed in Table 1, which had a silica concentration of 20% by weight. 

4. Semiconductor device with silica coating film 

is Each of the coating liquids for film formation C-1 to C-8 was applied onto a semiconductor substrate with minimum 
0.25 n rule metal wiring by the spin coat method and dried at 250°C for 3 min. Thereafter, sintering was carried out at 
450°C for 30 min in nitrogen to thereby form a silica coating film. All the resultant silica coating films had a thickness of 
5000 A. 

Upper-layer metal wiring was formed on each of the coating films, thereby completing a semiconductor device. 
20 The flattening performance and relative permittivity of the silica coating film of each of the thus obtained semicon- 
ductor devices were measured. 

The relative permittivity was measured not only immediately after the formation of coating film but also after the 
passage of one week. 

The results are given in Table 2. 
25 In Table 2, e 1 represents the relative permittivity immediately after the formation of coating film upon sintering in 
nitrogen atmosphere and e 2 represents the relative permittivity of coating film after the passage of one week. 

The flatness was evaluated by observing a section of substrate after the formation of coating film by means of an 
SEM electron microscope, and the relative permittivity was measured by the mercury probe method. 

30 Comparative Examples 1 and 2 

The respective silica concentrations of the hydrolyzates (A) and (B) obtained in Example 1 were adjusted to 20% 
by weight, thereby obtaining coating liquids. Silica coating films were prepared therefrom in the same manner as in 
Example 2 and subjected to the same evaluation. Results are given in Table 2. 

35 It is apparent from the results of Table 2 that the silica coating films obtained from the coating liquids for forming 
silica film according to the present invention have low relative permittivity and are excellent in flatness. Further, it is 
apparent that the coating films formed from the coating liquids containing fine silica particles aged at high temperature 
(C-3 to C-8) exhibit substantially no change in relative permittivity even after the passage of one week and have excel- 
lent hygroscopicity. By contrast, the silica coating films formed from the coating liquids respectively composed of the 

40 hydrolyzates (A) and (B) only have poor hygroscopicity. 



Table 1 



Coating liq. 


Fine silica particles (a) 


Hydrolyzate (b) 


wt. ratio (a/b) 


C-1 


A 


A 


8/2 


C-2 


A 


B 


8/2 


C-3 


B 


A 


8/2 


C-4 


B 


B 


8/2 


C-5 


B 


A 


95/5 


C-6 


B 


B 


95/5 


C-7 


C 


A 


7/3 


C-8 


C 


B 


7/3 
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Table 2 





Coating liq. 


Flatness 


ei 


*2 


Example 1 


C-1 


good 


2.8 


4.1 


Example 2 


C-2 


good 


2.5 


3.8 


Example 3 


C-3 


good 


2.4 


2.5 


Example 4 


C-4 


good 


2.1 


2.2 


Example 5 


C-5 


good 


2.3 


2.4 


Example 6 


C-6 


good 


2.0 


2.1 


Example 7 


C-7 


good 


2.6 


2.8 


Example 8 


C-8 


good 


2.2 


2.4 


Comp. Ex. 1 


(A) 


good 


2.9 


7.0 


Comp. Ex. 2 


(B) 


good 


2.8 


5.8 



Claims 

1 . A coating liquid for forming a low-permittivity silica film, comprising a reaction product of fine silica particles with an 
alkoxysilane represented by the following general formula [I] and/or a halogenated silane represented by the follow- 
ing general formula [II] or a hydrolyzate thereof: 

X n Si(ORk n [I] 

XnSiXVn [II] 

wherein X represents hydrogen, fluorine, an alkyl group having 1 to 8 carbon atoms, an aryl group or a vinyl 
group; R represents hydrogen, an alkyl group having 1 to 8 carbon atoms, an aryl group or a vinyl group; X' repre- 
sents a halogen atom; and n is an integer of 0 to 3. 

2. The coating liquid for forming a low-permittivity silica film as claimed in claim 1 , wherein the fine silica particles are 
obtained by hydrolyzing at least one member of alkoxysilanes represented by the above general formula [I], option- 
ally followed by aging. 

3. The coating liquid for forming a low-permittivity silica film as claimed in claim 2, wherein the hydrolyzing or aging 
temperature is 180°C or higher. 

4. The coating liquid for forming a low-permittivity silica film as claimed in any of claims 1 to 3, which has an ion con- 
centration of less than 1 mmol/Iit 

5. A substrate comprising a low-permittivity silica coating film formed with the use of the coating liquid for forming a 
low-permittivity silica film as claimed in any of claims 1 to 4. 
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